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ffi^TCOMDUCT ™ T.TCRT EMITTING PgVICgA 



"^BACKGROUND OF THE INVENTION 

^L, present inventi on relate, to a semiconductor 
light emitting device. Particularly, this invention 

relates to a — d9 ~ Ce "" h ^ 
crystal defects andj<*gfr performance. 

Figure 1 shows a conventional semiconductor light 
emitting device at its cross section. This semiconductor 
Z#x fitting device consists of: a semiconductor sub- 
strate 11 of n-typ. galliun arsenide (OaAs); a transparent 
buffer layer 12 of n-type GaAs; a reflective layer 13 
consisting of laminated two layers of indium aluminum 
phosphate CmAlP) / GaAs ( InAlP on OaAs); a lower clad 
Lyer 14 of n-type InGaAlP; an active layer 15 »* «-op- 
xiaAlP; - upper clad layer 16 of 

transperent current diffusing layer 17 of P-type AlGaAs 
a contact layer 18 of p-type GaAs; an upper electrode 19 
and a lower electrode 20- 

The buffer layer 12 prevents faults from bexng 
produced due to contamination of the surface of the 
Lniconductor substrate 11 and also prevents the actxve 
layer 15 from being infected with the defects. 

The reflective layer 13 reflects light emitted by 
the active layer 15 so that the emitted light does not 
enter the buffer layer 12 and the semiconductor substr t 
11 made of light absorbent material. For this reason, the 
reflective layer 13 consists of semiconductor layers of 
InAlP and GaAs laminated with each other in a predetermined 
thickness. The layers of InAlP and GaAs have different 
refractive indices to the emitted light. The lower 

S upper clad layers 14 and 16 Keep charge earners 
Recife? mto the acti ve layer 15 to achieve high luminous 

efficiency. 

The active layer 15 consists of In w (Ga^ ai x j 
P . The components "x» and »y» and the layer construction 



determine energy gap. The active layer 15 emits light of 
wavelength corresponding to the energy gap when the 
injected carriers recombine with each other. 

The current diffusing layer 17 diffuses current 
5 thereacross to take out the emitted light through whole 
region of the layer 17 not only directly below the upper 
electrode 19. 

The current diffusing layer 17 is made of transparent 
material (p-type AlGaAs) that has a small absorbing 
10 coefficient to the emitted light wavelength. 

The contact layer 18 makes better ohmic contact 
between the current diffusing layer 17 and the upper 

electrode 19. 

The upper electrode 19 is a p-type electrode of Au 
15 layer which contains zinc. Through the upper electrode 19, 
a current is injected into a chip of the semiconductor 
light emitting device. The upper electrode 19 spreads the 
current over entire region of the semiconductor chip. 
Further, the upper electrode 19 is formed so as not to 
^ha^tS^the emitted light. The upper electrode 19 also 

acts as a bonding pad. 

The lower electrode 20 is an n-type electrode of Au 
^S^hict^ "contains germanium. The lower electrode 20 

drains the current. 
25 Another conventional semiconductor light emitting 

device is disclosed by Japanese Patent Laid-Open NO. 4 
(1992) - 212479. The conventional device is a light 
emitting diode with double hetero-conf iguration. in this 
device, an InGaAlP active layer is interposed between two 

30 clad layers. 

Such a device with the InGaAlP active layer has 
required advanced epitaxy aiming at epitaxial growth with 
better crystallization, or fewer crystal defects. This 
epitaxial growth achieves higher device reliability. 
35 Further, such a light emitting device is fabricated with 
folding material of low resin stress. The low-resin etrese 
^ ^ter^al 4tttt£^£S£&* in luminescence after the light 
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emitting device is driven. Jftji-£^p> 

However, it is very hard to^^ a e hi e ve - fe wer- crystal 
^ def ects^in' aW^La^efs grown by epitaxy. Device selection 

for quality in accordance with the number of crystal 
5 defects in all epitaxy-grown layers lowers device produc- 
tion yields. Further, low- and high- temperature degrada- 
tion tests, after packaging the^ev^with ^moldingresin, 
-tend to produce much degradation^devices, ° 



10 SUMMARY OF THE INVENTION 

A purpose of the present invention is to provide a 
semiconductor light emitting device with high reliability 
and production yields • 

The present invention provides a semiconductor 
15 light emitting device including: a hetero-conf iguration 
having an active layer that emits light when charge 
carriers are injected, a first clad layer, and a second 
clad layer, the active layer being interposed between the 
clad layers, the first and second clad layers keeping the 
20 injected charge carriers in the active layer; a first and 
a second electrode, the hetero-conf iguration being inter- 
posed between the electrodes; and a first dense defect f 
^ iA^ecfce* layer, provided between the first electrode and 

the hetero-configuration, the first dense defect-intfectedr 
^25 layer fce±B& made of material being more^ f ragi le than the 

- hetero-conf ^at^th^ layer 

^ preventing def ect^^^TlS^he hete£&-conf i^ration. 

The device may further include a second dense 
def ect- in j acted - layer, provided between the second elec- 
3®, trode and the hetero-configuration* The second dense 
<v /L l > defect-ix^eeted- layer is made of material be i n g more ^ 
fragile than the hetero-configuration- The second dense 
defect injected layer prevents defects injected into the 
hetero-conf iguration . 
35 The hetero-configuration may be a double hetero- 

configuration in which the active layer is undoped, and the 
first and second clad layers are doped for a specific 
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conductivity type. 

The device may further include a current diffusion 
layer, provided between the first electrode and the first 
°^ dense defect - in j oct cd- layer. The current diffusion layer 

5 diffuses current applied through the first electrode - 

The device may further include a semiconductor 
substrate provided between the second electrode and the 
hetero- configuration and a buffer layer provided on the 
semiconductor substrate. The buffer layer P^^^ff^^J^ ^ 
vpeUig generated in the semiconductor substrate^ pr pr e v e nt -^ 
ishe, defects being— expanded into the active layer. 

The present invention further provides a semicon- 
ductor light emitting device including: a hetero-conf igura- 
tion having an active layer that emits light when charge 
15 carriers are injected, a first clad layer, and a second 
clad layer, the active layer being interposed between the 
clad layers, the first and second clad layers keeping the 
injected charge carriers in the active layer; a first and 
a second electrode, the hetero-configuratlon being inter- 
20 posed between the electrodes; and a dense defect-±n±ee=ee* 
layer, provided between the first electrode and the hetero- 
^ JO configuration, the dense defect ■ inj e ct e d layer being made 
pr^l-? o£ material being more^ fragil e than the hetero-conf igur a - 
tion ' J2Et^5^ defe^ joij^tcd layer preventing defects 
25 jin^ctcd^^ on ' a current diffusion 

layer, provided between the first electrode and the dense 
..G± defect- injec t e d- layer, the current diffusion layer diffus- 

ing current applied through the first electrode; a contact 
layer, provided between the first electrode and the current 
30 diffusion layer, the contact layer making ohmic contact 
between the first electrode and the current diffusion 
layer; a semiconductor substrate, provided between the 
second electrode and the hetero-conf iguration; a buffer 
layer, provided on the semiconductor substrate, the buffer 
35 layer P reve S*^^ dAf J e ^^c?^Sr .generated in the semiconduc- 
tor s^sXx^^ ^^^&X^^ ^i^^9 b eing ex p an ded into 
°^ the active layer; and a reflective layer, provided on the 



buffer layer, the reflective layer reflecting light emitted 
by the active layer so that the emitted light does not 
enter the buffer layer and semiconductor substrate. 

The present invention further provides a semicon- 
5 ductor light emitting device including: a hetero-conf igura- 
tion having an active layer that emits light when charge 
carriers are injected, a first clad layer and a second clad 
layer, the active layer being interposed between the clad 
layers, the first and second clad layers keeping the 
10 injected charge carriers in the active layer; a first and 
a second electrode, the hetero-conf igurat ion being inter- 
ck, posed between the electrodes; a first dense def ect -injected- 

layer, provided between the first electrode and the hetero- 
conf igurat ion, the first dense def ec t ~ ln joc *ed layer being 
^>>15 made of material be4«g- morels fcagile- than the hetero- 
configuration, t^e^i^^^^se ^^f&^ ^i M Md ' layer 
c~ preventing def ^c^^^^&i^tn^%ho het^o^con^guration; 

a current diffusion layer, provided between the first 
electrode and the first dense defect - in j ectcd layer, the 
20 current diffusion layer diffusing current applied through 
the first electrode; a contact layer, provided between the 
first electrode and the current diffusion layer, the 
contact layer making ohmic contact between the first 
electrode and the current diffusion layer; a second dense 
*^ 25 def ect- inj e ctod. layer, provided between the second elec- 
A*Jy trode and the hetero-conf igurat ion, the second dense 
CLs f^?> defect-*nj«rted. layer -be4«g made of material being more^ 

^ ^ 4«eg±±e than the hetero-conf *Bur«ti«j^^ 
^ def ect f An j c otod layer preventing def ects^k^eo^ed^ into the 

30 hetero-conf iguration; and a buffer layer, provided ^n^the 

0^ second electrode, the buffer layer P re ^^^g^ e /^2^I^S^ 

,~ A **A<»-tt-t-AH -i n tho cfttniftfinduetor substrate OJF — DittvORw^Tui r 
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generated in the semiconductor substrate^ 
defects -being expanded into the active layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is agonal schematic illustration of a 
conventional semiconductor light emitting device; 



FIG. 2 is a sectional schematic illustration of a 

As 

preferred embodiment of a semiconductor light emitting 
device according to the present invention; 

FIG. 3 is a graphical representation of variation 

5 of luminance efficiency; tyun-^ 

FIGS. 4A and 4B show fragmentary^sectional views of 
the conventional sample chip and that of the present 
invention; 

FIG. 5 is a graphical representation of comparison 
10 4&"1ievice characteristics of the conventional sample chip 
and that of the present invention; and 

FIG. 6 is a sectional schematic illustration of 

As 

another preferred embodiment of a semiconductor light 
emitting device according to the present invention. 

15 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments will be described with 
reference to the attached drawings. 

Figure 2 shows a^sectional schematic illustration 
20 of an embodiment of the semiconductor light emitting device 
according to the present invention- The layers of the same 
reference numerals as the layers shown in FIG. 1 function 
the same as those conventional device layers. 

This semiconductor light emitting device includes: 
25 a buffer layer 12 of n-type GaAs; a reflective layer 13 
consisting of laminated two layers of indium aluminum 
phosphate <InAlP)/GaAs (InAlP on GaAs); a lower clad layer 
14 of n-type InGaAlP; an active layer 15 of undoped 
InGaAlP; an upper clad layer 16 of p-type InGaAlP; a dense 
30 defect -iafetrtH* layer 30; a current diffusing layer 17 of 
p-type AlGaAs; and a contact layer 18 of p-type GaAs. 
These layers are formed in order on a semiconductor 
substrate 11 of n-type gallium arsenide (GaAs). A double 
hetero-conf iguration consists of the lower clad layer 14, 
35 the active layer 15 and the upper clad layer 16. An upper 
electrode 19 is formed the contact layer 18. A lower 
electrode 20 is formed beneath the substrate 11. 



Either of the buffer layer 12 and the current 
diffusing layer 17 may be omitted. The reflective layer 
13 and the contact layer 18 may also be omitted. 

, , Compared to the conventional device of FIG. 1, the 
5 feature of the embodiment of FIG- 2 is the dense defect f 
Q~ itt^eeted layer 30 interposed between the p-type InGaAlP 

upper clad layer 16 and the p-type AlGaAs current diffusing 
Aj layer 17. The dense defect -injected layer 30 is made of 

0^/1^7 50 nm- thick InP mixed crystal that is more £ gay li e ^than the 

10 p-type InGaAlP upper clad layer 16. 

The semiconductor light emitting device is fabri- 
cated as follows: 

The layers described above are grown epitaxially 
one by one on the n-type GaAs substrate 11 formed on a 
15 semiconductor wafer as describe below. These epitaxial 
p^y growth^ are performed in a chemical vapor deposition ( CVD ) 

reaction chamber. A carrier gas (hydrogen) flows into the 
CVD reaction chamber at a gas flow rate of 101/min. The 
semiconductor substrate 11 is annealed at a temperature in 
20 the range of 720* to 870* C. 

(1) Trimethylgullium (TMG) and arsenic hydride 

(AsH 3 ) flow into the chamber at a gas flow rate in the 
range of 20 to 400 can and 500 to 800 ccm, respectively. 
Further, silicon hydride (SiH 4 ) flows at a gas velocity in 
25 the range of 10 to 15 ccm for doping to form the n-type 
GaAs buffer layer 12 on the substrate 11. 

(2) Trimethylgullium and AsH^ flow again at the 
same gas flow rates in step (1) to form a GaAs layer on the 
buffer layer 12. Further , trimethylindium ( TMI ) , 

30 trimethylaluminum (TMA) and phosphorus hydride (PH^) flow 
at a gas velocity in the range of 0-5 to 0*8 ccm, 10 to 300 
ccm and 250 to 400 ccm, respectively, to form an InAlP 
layer on the GaAs layer to form the InAlP/GaAs reflective 
layer 13. 

35 (3) Trimethylindium, TMG, TMA and PH 3 flow at the 

same gas flow rates in the above steps. Further , SiH 4 
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flows at the same gas flow rate In step ( 1 ) to form the n- 
type InGaAlP lower clad layer 14 on the reflective layer 
13. 

(4) Trimethylgullium, TMG, TAM and PH3 flow at the 
same gas flow rates in the above steps to form the undoped 
InGaAlP active layer 15 on the lower clad layer 14. 

(5) Trimethylgullium, TMG, TAM and PH3 flow at the 
same gas flow rates in the above steps. Further, 
dimethlylzinc (DMZ) flows at a gas velocity in the range 
of 0.3 to 0.5 ccm for doping to form the p-type InGaAlP 
upper clad layer 16 on the active layer 15. 

(6) The susceptor temperature is decreased by 100° 
C. Triraethylaluminum and PH3 flow at the same gas flow 
rates in the above steps to form the dense defect -in j ected 
layer 30 of 50 nm- thick inP mixed crystal on the upper clad 
layer 16. 

(7) The chamber temperature decreased by 100° C in 
step (6) is increased to the original temperature at which 
the process is executed in steps (1) to (5). At this 
temperature, TMA, TMG and AsH 3 flow at the same gas flow 
rates in the above steps. Further, DMZ flows at the same 
gas flow rate in step (5) for doping to form the p-type 
AlGaAs current diffusing layer 17 on the dense defect f 
i?njocted layer 30. 

(8) Trimethylgullium and AsH 3 f low at the same gas 
flow rates in the above steps. Further, DMZ flows at the 
same gas flow rate in step (5) for doping to form the p- 
type GaAs contact layer 18 on the current diffusing layer 

17. And, fa jvuv€n*±JL>* 

( 9 ) ^RcvoEoe-sided lapping operation thins the 

substrate 11. The upper and lower electrodes 19 and 20^are 
deposited on the contact layer 18 and the thinned substrat 
11, respectively. The semiconductor wafer on which 

the above multiple layers were laminated was diced and 
molded to obtain many chips of semiconductor light emitting 
devices (FIG. 2). Each chip was of 400 x 400 pm* in area 




and 200 urn in height- Also produced were the chips of the 
conventional semiconductor light emitting devices (FIG. 1) 
of the same size as the present invention. 

These semiconductor light emitting devices were 
5 tested for luminance efficiency. A forward current of 20 
mA of 5 volts was supplied to each device to find out 
initial luminance efficiency and luminance efficiency after 
<v S^d^r^^^.'r^tt^ts were conducted for deter- 

c*- '"mining the degradation rate e nd liabili t y of the semicon- 

10 ductor light emitting devices of the present invention and 
the conventional devices. 

Fifty sample chips were selected per sample lot 
from the semiconductor light emitting devices of the 
present invention and also from the conventional devices 

15 to determine the Ln ^^l 9 ^^^ a ^^i f j£^^J^ d luminance 
^ efficiency after ^ 500 hour ela p si ng .^tedense defect f 

^ 4ftf«cted layer 30 of 50 nm- thick InP mixed crystal was 

grown for the devices of the present invention. 

Figure 3 is a graphical representation £^ia|ion^^ 
cr- 20 of the luminance efficiency af ter gOO hours olapoc indicat- 
ed by^ative efficiency ratio^initiaj ^un^nge^ef 
ciency / luminance efficiency after ^OO "hours olap o dng ) . 
Each dot depicts an average survival rate for 50 samples 
per lot (A, B, C, D, E, and F). The upper and lower ends 
25 of each bar depict the maximum and minimum survival rates, 

respectively. Figure 3 teaches, ^XJ^^^^°L^ 
- the present invention (II ^survive- mo £o than the conven- 
tional sample chips (I). Further, FIG. ^teaches that the 
sampl^Qhips, o*J|* e present invention ^ eurvivg nearly the 
O- 30 same^Jor the lots D, E, and F. JU^Lpfc^*- ^uot^X ^cMA-utsviJL 

The conventional sample chips (lot B) that^ewvived- 
tho- loaot were analyzed by cathode luminescence technique. 

This technique revealed an un- luminous crystalliza- 
tion fault 40 called a dark line as shown in FIG. 4A. 
35 Figure 4A shows a fragmentary pactional view of the 
conventional sample device chip of FIG- 1- The dark line 
crossed the current diffusing layer 17 from the device 
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surface. Further , the dark line penetrated into the upper 
clad layer 16 , active layer 15, and lower upper clad layer 
14. 

The destruction of the active (light emitting) 
5 layer 15 by the un-luminous crystallization fault 40 was 

deemed to cause the low survival rates /^e g mucft decyrada- ^ 
tion. The dark line (fault 40) extended towards the active 
layer 15 from directly below a bonding wire (not s ^^^ r/< ^/L 
fixed on the upper electrode 19 of FIG. 1. It is ^ doomed - 
10 that: wire bonding caused damage to the device surface; the 
damage expanded due to heat by energizing and resin stress; 
and the expanded damage penetrated into the device as 
ck^ - un-lmninous crystallization fault 40 that ^ es ^ro yea the 

active layer 15. 

15 The sample device chips of the present invention 

were also analyzed by the cathode luminescence technique. 
This technique revealed an un- luminous crystallization 
fault 40a as shown in FIG. 4B. Figure 4B shows a fragmen- 
O-" tary^jsecttxmal view of the sample device chip of the 

20 present invention of FIG. 2. The un-luminous crystalliza- 
tion fault 40a produced due to wire bonding crossed the 
cur-rent diffusing layer 17. 

However, contrary to the conventional sample device 
chip of FIG. 4A, the un- luminous crystallization fault 40a 
25 stopped in the 50 nm-thick dense defect-injected inP layer 
30 that is the feature of the present invention. The un- 
luminous crystallization fault 40a did not rea< ^ J ^ 1 ^^^^^ ( ^ 
layer 15 and upper clad layer 16. The, ,f ault^4^ K s«fcay in j^f**d** 



the dense def ect - in j cctcd layer^O ^wftfi d£ 
4owe^£ ^ij^feance efficiency of the dev: 



to res 



°^ 30 "toweled tu^nance efficiency of the device chips of the 
present invention. More precisely, the dense defect f 
injected— layer 30 was deemed to prevent the un- luminous 



crystallization fault 40a from extending^due to heat by. 
^ .energizing and resin stress b y disp e roiffig o t n , ftb* 7orbing . 
JL35 The device chips of the present invention were thus 
JS* /%} ? protected from newly " lujeut t nl ^de g e ota . 

an 
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Figure 4B, the fragmentary ^sectional view of FIG. 
2, further sc*ematicaj£v^ep^ 

generated defects f romJeW^h^crted iSo "the active layer 
15 and upper clad layerjj* by the dense defect -injected 



5 layer 30. ~aA^U^JH J*^<*^*- -f^^ 

This advantage was^g±verr-by Inp nixed crystaljor 

°^ t he dense defect - inj e o t od layer 30. Besides Inp raised 

£T crystal ,;^£*fwi^%4ven-by GaP, InGaP, InAlP, AlP, and AlAs 

p r /j*> mixed crystals. 

10 Howev®, InGaAs mixed crystal did not work_we^l for 

the dense defect- inj o otod - layer 30/. This was^ on a l - ysed by 
observing the boundary of the InGaAs dense defect -injected 
layer and InGaAlP layers as the active and clad layers with 
cross section Transmission Electron Microscopy (TEM). 
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The observation revealed that; enoui 
— ■» — -j ■> Tit-o the InGaAs 1 aver . as trfe 



not ' injected into the InGaAs layer^as trie dense defect 



injected layer 30; the IngjAj^^^O^^ 

disperse the secondary defects ^ injootod" due to bondirtg {U^y*. 
damage; and a part of the secondary defects were injected 
20 into the InGaAlP upper clad layer 16. 

The observation further revealed that fr- igh rostrio — 
£&£&^^6£4t£&4t&u* crystallization fault 40a 



^ ^aif^be^ achieved by Jlnj o oting ^def ects cftir in the dense 
defect Injootcd material^btrtr not in the InGaAlP layer. 
2gf Moreover, the observation revealed as shown in FIG. 



rt*? S thatz ^igh defo c t rao fa riction con bo - aohiovod t*hen dofoot ■ 
^ densit$" n (the number of defects) of the dense defect^ 
injootcd layer 30 is 10 4 / cm 2 or more; the difference in 
lattice constant is 10~ 2 or more between the dense defect- 
30 injected- layer 30 and InGaAlP upper clad layer 16; and the 
dense defect- injected layer 30 is preferably ef- 10 nm or 

more in thickness. cst^i-o^ 

Figure 6 shows a^ectional schematic illustration 
of another embodiment of the semiconductor light emitting 
35 device according to the present invention. The layers of 
the same reference numerals as the layers shown in FIG. 2 
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function the same as those conventional device layers. And 
hence explanation of those are omitted here. 

This embodiment does not require the semiconductor 
substrate 11 of FIG. 2. An upper dense defect- injected- 
5 layer 30a is formed between the transparent current 
diffusion layer 17 and the upper clad layer 16. Further, 
a- a lower dense defect -I nJ cctc d layer 30b is formed between 

the transparent buffer layer 12 and the lower clad layer 
16. 

jwer layers. 30a and 30b restrict 
iSuration that consists of 
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the n-InGaAlP lower clad layer 14, InGaAlP active layer 15 

and p-InGaAlP upper clad layer 16. *" r *J$£Zce£2&£g55 Sfjb* 
and 30b restrict crystallization faults^g oftoratod in the 
15 current diffusion layer 17 and buffer layer 12, respective- 
ly. The crystallization faults are generated mostly due 
to internal stress caused by thermal expansion and shrink- 
age when the devices are molded. The lower dense defect^ 
>. injected layer 30b ©niy can restrict generation of crystal - 

20 lization faults. 

The semiconductor devices of the two embodiments 
include the double hetero-conf iguration . Th±s configura- 
tion consists of the n-type InGaAlP lower clad layer 14, 
P-type InGaAlP upper clad layer 16, and undoped InGaAlP 
25 active layer 15 i^erposed^^an^tjie two clad^ayers^ 
-According to the^^odimenj^s^Wc^c^r 
devices, particularly *fce- light emitting / J[e^^with high 
reliability, long lifetime, -and high yieldf'^^d of reason- 
able price can be obt a ined . The light emitting device 
30 includes a double or single hetero-conf iguration that 
consists of a pair of clad layers and an InGaAlP active 
layer interposed between the clad layers. During epitaxial 
growth of this device, a dense defect inject e d- layer is 
formed on or beneath the hetero-conf iguration . Or, two 
35 dense defect-injected layers are formed on and beneath the 
hetero-conf iguration. The dense defect ^lnj e c l gg layer is 
made of material of two or three mixed ^ y Hr taJL T^ The mixed 



I 



13 

crystal} is a combination of elements selected from the 
group consisting of In, Ga, Al, F, and As. The elements 
for the combination are different in lattice constant of 
10" 2 or more- Further, the dense defect -injected layer 
o~ 5 includes defects of 10^/cm 2 or more. Such a dense defect-/ 
jn j ec-ted layer prevents secondarily generated defects -being- 
itijfc^oa faults into the 

important InGaAlP active (light emitting) layer. 

As described above, the present invention provides 
10 a semiconductor device configuration including at least a 
first layer with a first function, a second layer with a 
second function, and a third layer interposed between the 
first and second layers. The third layer is a dense 
Cks ^/'> defect -in j acted- layer made of material that is more s\ 
0^ 15 fr o gilo, ox sof^> than the second layer. The third layer 
disperses or absorbs a dark line (the ^~ luI ^QgJ^ t ^2^ al " 
lization fault in the embodiments ) that would Across the 

first l^yer and j reac ^^l^^2?i^ la ^Si\/t^ci^ rd layer 
^ t:husf*gs^^ * The 

20 present invention is therefore useful for any semiconductor 
devices with a layer of specific function that should be 
protected ^^crystallization faults. 



